The paper proposes a robust IR detection system to monitor driver head departure. In the system, the IR LEDs are sited on the back cushion behind the driver's head, the IR receivers are placed above and in front of the driver's head 
Introduction
When a driver is drowsy or absent-minded, his perception ability to surrounding environmental, handling ability to the car, and decision ability to traffic situation all diminish. They all easily result in serious traffic accident. Hence, the development of safe driving system to detect whether a driver is drowsy is very important to prevent traffic accident. Actually different brands of car corporations and research centers devote themselves to develop this kind of system over the past decade (1) (2) (3) (4) . For example, the monitoring system "City safety" is the standard equipment in VOLVO XC60.
Many approaches (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) for safe driving have been proposed. They can be classified into the following four categories. 1) The first category (5) (6) (7) (8) is based on driver's physiological signals such as brain waves, electrocardiogram signal, and pulse rate.
2) The second category (5, (9) (10) (11) (12) focuses on the state of driver's head or face such as head movement, blink rate, eye closure, eyelid movement, and pupillary variation.
3) The third category (5, (13) (14) (15) (16) is based on vehicle's behavior such as vehicle lateral position, distance between the driver's vehicle and the front car, and movement direction. 4) Methods (5, (17) (18) (19) based on the combination of above categories are the fourth category.
In the first category, it is necessary to attach sensors to the driver to measure the physiological signal. The attachment will interfere with the driver and hence limit its practical application. On the contrary, to monitor the state of driver's head or face in the second category, it just needs noncontact CMOS sensors instead of contact ones. Welldeveloped image processing techniques make the category to be a promising approach. However, how to overcome the violent illumination change outside the vehicle or eyesheltered effect due to sunglasses in the CMOS sensor approach is a big challenge. Moreover, some techniques shine infrared rays on driver's eyes to produce bright effect on pupil of driver's eyes, acquire the frame with bright pupil of driver's eyes, and analyze area change of pupil of driver's eyes to judge whether the driver is drowsy or absent-minded. They can obtain good results. However, this kind of system has three major disadvantages. 1) Shining infrared rays on the driver's eyes continuously may be harmful to the driver's eyes. 2) If the driver wears glasses, the light reflection from glasses will produce bright area which will be confused with the bright pupil. 3) The bright pupil effect is obvious in the nighttime, but it is unobvious in the daytime. Hence, the development of monitoring system safe to driver's eyes, robust to violent illumination variation, and superior to being effected by sunglasses is an important topic of the second category in the safe driving system.
IR Detection System for Driver Head Departure

System architecture
To monitor whether the movement of the driver's head is abnormal, the IR detection system (IRDS) for driver head departure is proposed. The schematic lateral view of IRDS is shown in Fig. 1(a) and the schematic front view of IR LED arrangement is shown in Fig. 1(b) . In the system, the IR LEDs are sited on the back cushion behind the driver's head, the IR receivers are placed above and in front of the driver's head to receive IR LED signals, and the head departure 
Head departure detection algorithm
In IRDS, the head departure detection algorithm (HDDA) shown in Figure 2 is proposed to analyze the changes of the received IR LED signals. To describe HDDA, we adopt the notation fi(n), n = 1, 2, , N, to denote the received IR signal from the nth IR LED in the ith receiving scan. Moreover, use fstable(n), n = 1, 2, , N, to denote the stable signal of the nth IR LED. Based on the defined notations, HDDA is described as follows.
First-time stability detection:
If fik(n)s, k = 0, 1, , 14, are all the same for all the N IR LEDs, then the first-time stability occurs and set fstable(n) to be fi(n), n = 1, 2, , N.
Timing stability detection:
Since small variation of driver head position in the driving is normal, we detect whether the stability of driver head position occurs after the setted time is up. If it occurs, reset fstable(n) to be fi(n), n = 1, 2, , N.
Head departure detection:
Considering the variations of the successive received IR LED signals in the vertical part, left part, right part, and all the parts, we can judge whether driver head departure is abnormal.
Warning:
The warning signal issued to the driver can be the sound from loudspeaker, figures in screen, music from player, light from source, vibration from vibrator, and so forth.
MATLAB Simulation Results
To demonstrate the effectiveness of the proposed IRDS, the system is set up in our laboratory and shown in Figure 3 . In the system, there are 36 IR LEDs in total, including 8 LEDs in the vertical part and 28 LEDs in the horizontal part. All the IR LEDs are controlled by the control unit MPC89E515A. Moreover, we use 2 IR receivers. The head departure detection algorithm is implemented in the Altera DE2-115 development platform with a Cyclone IV EP4CE115 FPGA.
After the system is set up, we verify the system in our laboratory. The verification result is recorded. Six represented frames are shown in Fig. 4 . The video is uploaded to YouTube (21) and can also be played in Fig. 4(f) . Inspecting the video played in Fig. 4(f) , all the nodding behaviors are detected exactly and the action the driver watches the rear-view mirror is judged to be normal. The video demonstrates the features of the proposed IRDS clearly.
Conclusions
In the paper, the robust IR detection system for driver head departure has been proposed. It has the following features. (i) Abnormal departure of the driver's head can be detected correctly. (ii) The action of viewing rear-view mirrors is recognized to be normal. (iii) The system cost is cheap. (iv) The design is robust to harsh climate and road environment. (v) The system design is safe to the driver's eyes. (vi) Because the IR light is invisible, the system doesn't interfere with the vision of the driver. (vii) It isn't influenced by the sunglass the driver wears.
Finally, we believe that the active safe driving system can greatly benefit by adopting the proposed system.
